Abstract: Perforator flap breast reconstruction potentially offers patients greater postoperative abdominal strength compared with traditional TRAM techniques. Our purpose was to perform a systemic review of the published literature regarding abdominal wall function following breast reconstruction and compare outcomes between pedicle TRAM, free TRAM, and perforator flap procedures.
O ver the past 30 years, breast reconstruction has been shown to confer significant psychological, emotional, and social benefits in breast cancer patients. [1] [2] [3] [4] [5] [6] [7] However, the decision for breast reconstruction is complicated, encompassing a wide range of surgical options. Autogenous tissue procedures have been shown to outperform expander/implants for breast reconstruction in terms of patient satisfaction and postoperative body image. 3,8 -15 Furthermore, autogenous tissue procedures may be the only available reconstructive option for patients who have large soft tissue deficits or chest wall skin that is unsuitable for tissue expansion due to scar tissue or radiation-induced changes. However, unlike implant techniques, autogenous tissue reconstructions are associated with donor site morbidity.
The muscle-sparing free TRAM and perforator flap techniques, such as the deep inferior epigastric perforator (DIEP) flap, are now being performed in an effort to limit abdominal donor site morbidity by decreasing the degree of injury to the rectus abdominis muscle and fascia. 16, 17 It is unclear whether or not these more complicated muscle-sparing techniques improve functional abdominal outcomes. Our purpose was to perform a systemic review of the published literature regarding abdominal wall function following breast reconstruction. Our specific study objectives were to comprehensively review the literature regarding the subjective and objective functional abdominal wall outcomes associated with pedicle TRAM, free TRAM, and DIEP flaps.
METHODS
To identify potentially relevant studies, we searched the MEDLINE, EMBASE, CINAHL, the Cochrane Network, and HAPI databases from January 1966 through November 1, 2007. We exploded the following medical subject heading terms: functional outcomes, abdominal strength, abdominal function, trunk strength, trunk function. We then combined these medical subject-heading terms with the terms: breast reconstruction, TRAM flap, pedicle TRAM, free TRAM, DIEP flap. We included articles and abstracts published in any language, and manually reviewed the reference lists from potentially relevant articles in an effort to identify any additional studies that may have been missed with our electronic database search. The search was conducted by one author (D.A.).
Study Selection Criteria
One investigator (D.A.) reviewed the titles and abstracts, when available, of all citations identified by the literature search. Potentially relevant studies were selected if the study evaluated functional abdominal outcomes for pedicle, free, or DIEP flap breast reconstruction. All study designs were included in the review; namely prospective studies, cross-sectional studies, and retrospective case series. We excluded studies that did not measure abdominal wall function in patients who had postmastectomy reconstruction. We also did not include studies that assessed superficial inferior epigastric artery flaps since there is no violation of the abdominal wall.
All of the studies used either objective or subjective measures to assess abdominal wall function. Abdominal wall function that was measured either by a blinded physiotherapy assessment or by an isokinetic dynometer was considered an "objective" measure of functional outcomes. This also included a nonbiased observer who measured a patient's ability to perform a sit-up. Patient reported outcomes, as assessed by questionnaires, were classified as "subjective" functional outcomes.
RESULTS
Our search yielded 20 studies on abdominal wall function after autogenous tissue breast reconstruction; including 8 studies on pedicle TRAM flaps (Table 1) , 18 -25 4 studies on free TRAM flaps (Table 2) , 19,20,24 -26 2 studies on DIEP flaps (Table 3) , 16, 27 and several studies that compared the outcomes of at least 2 procedures to each other (Table 4) . 16, 17, 19, 20, [27] [28] [29] [30] [31] [32] [33] [34] [35] In terms of study design, 9 were prospective studies, 16, 19, 20, 24, 25, 27, 29, 32, 34 1 of which was a multicenter prospective cohort study, 29 7 were cross-sectional studies, 17, [21] [22] [23] 30, 31, 33 and 4 were retrospective case series. 26, 28, 35, 36 The following is a summary of the results organized by surgical procedure and objective or subjective outcome. 19 studies, objective measures of abdominal wall function and strength before and after pedicle TRAM reconstruction were assessed using an isometric dynamometer, which has been shown to reliably test abdominal wall strength, 36 particularly trunk flexion/ extension, rotation, and lateral flexion/extension. In the Dulin study, there was a significant decrease in trunk flexion at postoperative year 1 in patients with bipedicle TRAM and less so in patients with unipedicle TRAM procedures. In the Kind et al study, 7 of 14 pedicle TRAMs and 13 of 13 free TRAMs were done using a muscle sparing TRAM technique. He also found a decrease in maximum abdominal flexion peak torque at postoperative year 1 in patients with pedicle TRAM procedures. On the other hand, in a prospective study by Edsander-Nord et al, 24 patients returned to 108% of preoperative trunk extension and 93% of preoperative trunk flexion by postoperative year 1. In Edsander-Nord's patient population, the whole width of the rectus muscle was harvested when a pedicled TRAM flap was performed and only a third of the muscle width was resected for a free TRAM flap.
Abdominal Wall Function After Pedicle TRAM Breast Reconstruction

Objective Outcomes
Physiotherapy assessment of abdominal wall strength and function was evaluated by Kind et al, 19 Petit et al, 24 and Fitoussi et al. 20 Patients were evaluated by a physical therapist using a grading system described by Kendell et al. 37 By postoperative year 1, patients were 102% of their baseline abdominal strength. In the Petit et al study, 23 38 patients (18 unipedicle and 20 bipedicle flaps) were tested preoperatively and at 3 and 6 months postoperatively. The function of the upper and lower rectus abdominis, external oblique, and transversus muscles were analyzed using a method described by Lacote. 38 The muscle was considered functional over Lacote level 3. At 6 months, the physiotherapist observed that 50% of unipedicle TRAM patients had impaired function in upper rectus abdominis and oblique muscle function (levels under 3). As expected, the bipedicle group suffered the greatest degree of impairment with significantly decreased function of the upper rectus, lower rectus, and oblique muscles. In the Fitousi et al study, 20 testing of abdominal muscle strength by a physiotherapist and a surgeon revealed that the patient perceived decrease in abdominal strength was related to an impairment of the supraumbilical portion of the rectus. When asked to sit-up from a lying, position, only 47% of unipedicle TRAM patients and none of the 12 bipedicle TRAM patients reached a Lacote 4. Oblique muscles were severely impaired in both unipedicle and bipedicle groups. Overall, both Fitousi's and Petit's studies concluded that although unipedicle flaps suffered from some degree of impairment of abdominal muscle strength, the impairment was much more severe in the bipedicle TRAM group.
Subjective Outcomes
The studies that evaluated subjective measures of abdominal wall function in the pedicle TRAM population used both validated 20 and nonvalidated 18, 21, 22, 24 measures. In the Dulin et al study, patients were asked whether they had difficulties with routine activities such as driving, sitting, standing from a chair, getting of bed, bathing, and sexual activity. The patients who had the greatest loss in trunk function, difficulty getting out of bed, and difficulty standing up from a chair were those with bipedicle TRAM flaps. Kroll et al found a similar impairment in sit-up ability in the bipedicle population. 25 Using the Human Activity Profile, Kind et al asked patients to list which of a series of 94 increasingly difficult activities were they still able to do postreconstruction. In this study, patients were at 92% of baseline by 6 months and 102% of baseline by 12 months postoperative. Although Mizgala et al 21 found that 35% of patients with unipedicle and 60% of bipedicle TRAMs perceived a decrease in abdominal strength, activities of daily living were rarely affected in either group. Similarly in the Simon et al study, 22 42% of unipedicle and 64% of bipedicle TRAM patients reported a subjective decrease in abdominal strength. However, greater than 90% of patients had no problems with workday performance and the standing posture. On the contrary, Simon et al found that 23% of patients experienced difficulty with physically challenging activities as well as recreational activities.
Overall, the studies that assessed donor site morbidity with pedicle TRAM reconstruction found only a transient decrease in trunk flexion that improved with time. Despite a perceived decrease in abdominal strength and slight decrease in trunk flexion, most patients were still able to perform routine activities of daily living. The greatest morbidity of abdominal wall function was experienced by patients who had bipedicle TRAM procedures. In addition to objective deficits, patients who had bilateral or bipedicle reconstructions experienced a significant decrease in activities of daily living, recreational, and laborious activities.
Abdominal Wall Function After Free TRAM Breast Reconstruction
Objective Outcomes
Objective measures of abdominal function in patients with free TRAM breast reconstructions are summarized in Table 2 . In this study, the free TRAM flap was harvested using a muscle sparing technique in which a 2 to 3-cm strip of rectus muscle was spared laterally. With an isokinetic dynamometer, Suominen et al 26 assessed the abdominal strength of 22 patients preoperatively and at 3, 6, and 12 months postoperatively. There was a significant decrease in trunk flexion at 3 months; however, function started to improve by 6 months and was at 98% of preoperative measures at 12 months. The physiotherapist also assessed a patient's ability to do sit-ups using a graded scale from 1 to 6. At 12 months, more than 50% of patients experienced a reduction by 1 or 2 grades. Edsander-Nord and Kind also used the isokinetic dynamometer to objectively assess
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Abdominal Wall Function After Breast Reconstruction 
Subjective Measures
In their evaluation of patient-reported outcomes, Kind et al used the validated Human Activity Profile to ask free TRAM patients which of a series of 94 increasingly difficult activities they could still do postreconstruction. Patients were at 101% of baseline by 6 months, and 103% of baseline by postoperative year 1. Using a nonvalidated questionnaire, Suominen et al asked patients whether or not their abdominal donor site affected their daily life, work, or sporting habits. Patients reported that the operation had no effect on their abdominal strength. All patients resumed their sporting habits, and 4 patients felt that the operation had a positive effect on their sporting habits.
Abdominal Wall Function After DIEP Flap Breast Reconstruction
Objective Measures
Outcomes data on abdominal wall function after DIEP flaps are limited, especially in regards to objective measures ( Table 3) . The study by Hamdi et al 16 was a single-center prospective study with a mean follow up of 13 months. Objective measures of abdominal wall function before and after DIEP flap breast reconstruction was assessed using LaCote's muscle grading system. Twenty consecutive patients with DIEP flaps were evaluated preoperatively and at 3 and 6 months postoperatively. At 6 months, all 20 patients had either reached or improved their preoperative upper and lower rectus abdominis muscle function. The external oblique muscles were affected most severely; 25% of patients at 3 months postoperatively had a decrease in abdominal rotational strength. However, this impairment resolved for most patients by 6 months postoperatively, with only 2 patients showing persistent impairment in external oblique function.
Subjective Measures
The study by Yan et al was a retrospective study of patients receiving perforator flap reconstruction with the DIEP flap between 2000 and 2005 at a single institution. 27 In this study, 40 patients received breast reconstruction with the DIEP flap and after a mean follow-up of 16 months, all patients were able to resume their daily activities. Table 4 summarizes the results of several studies that compared abdominal functional outcomes in patients with pedicle TRAM, free TRAM, and DIEP flaps. Our search yielded 11 studies, 4 that compared the outcomes of patients with pedicle TRAM and free TRAM reconstructions 24, 25, 28, 32 and 6 that compared the outcomes of patients with free TRAM to DIEP flaps. 29 -31,33-35 There were no studies comparing outcomes in patients with pedicle TRAM and DIEP flaps.
Comparison Studies of Abdominal Wall Function After Breast Reconstruction
Pedicle Versus Free TRAM Breast Reconstruction
Alderman et al used a multicenter, prospective cohort design to objectively evaluate trunk function after pedicle and free TRAM 28 Using the Cybex machines, trunk function data were collected at preoperative and postoperative years 1 and 2. The effects of procedure type (pedicle or free TRAM), timing of reconstruction (immediate or delayed), and laterality (unilateral or bilateral) on trunk peak torque and range of motion were analyzed while controlling for patient age, and baseline preoperative function. At postoperative year 2, procedure type, timing, and laterality did not significantly affect trunk range of motion or trunk extension peak torque. Although there was no significant difference in outcomes between pedicle and free TRAM procedures, unilateral flaps resulted in a 6% to 14% decline in trunk flexion peak torque, whereas bilateral flaps resulted in a 12% to 19% decline in trunk flexion peak torque at postoperative year 2. Esdander-Nord et al performed a single-center prospective analysis to objectively evaluate postoperative trunk function in patients with pedicle and free TRAM reconstructions. Using a dynamic dynamometer, there was no significant difference in maximum trunk flexor and extensor strength by procedure type at postoperative year 1. 24 Similarly, Suominen et al cross-sectional study also found no difference in objective measures of peak flexion and extension torque between patients with pedicle and free TRAM reconstructions (in which a 2-3-cm strip of rectus muscle was spared laterally). 32 Also, there was no difference in graded sit-up performance by procedure type, with both surgical groups performing sit-ups within normal values for their age category. However, Kroll et al's retrospective study of 285 patients did find a difference in sit-up ability by procedure type. 25 Patients with free TRAM procedures were more likely to do sit-ups than those with pedicle TRAM flaps (P Ͻ 0.01); and patients with unipedicle or unilateral procedures were more likely to perform sit-ups than those with bipedicle or bilateral procedures (P Ͻ 0.01).
Free TRAM Versus DIEP Breast Reconstruction
The only prospective study to date that objectively compares abdominal muscle strength in patients with muscle-sparing (MS)--2 free TRAM and DIEP flaps for breast reconstruction was performed by Bonde et al. 31 This study uses an isokinetic dynamometer to measure concentric, eccentric, and isometric abdominal wall strength. Concentric activity of a muscle takes place when the muscle is contracting and simultaneously shortening, as with trunk flexion exercises during sit-ups. With eccentric muscle activity, the muscle lengthens in a controlled manner while simultaneously maintaining tension, as with lifting a heavy object or vacuuming. During isometric muscle contraction, stabilization is tested during the standing position. No significant reduction in muscle strength was observed for concentric or isometric muscle strength between the 2 groups. However; at the greatest work intensity (eccentric muscle strength), patients reconstructed with DIEP flaps had a slight advantage over MS-2 free TRAM reconstruction (135.4 vs. 123.8 Nm, P ϭ 0.05). Earlier studies by Blondeel et al 33 and Futter et al 34 measured abdominal strength after free TRAM and DIEP flap reconstruction using isokinetic dynamometry and found a significant advantage of the DIEP over the free TRAM flap. Futter et al found that patients with DIEP flaps had significantly higher eccentric and isometric flexion (P ϭ 0.003 and P ϭ 0.008, respectively) and a trend toward higher concentric flexion (P ϭ 0.056) when compared with free TRAM flaps. Blondeel et al found that the trunk flexion capacity of the free TRAM groups was lower than the DIEP flap group at 1 year postoperative. Furthermore, no changes occurred in the rotational movements of patients with the DIEP flap, which was in contrast to the significant decrease in rotational power experienced in the free TRAM group. Although both of these studies ascertain an objective advantage of DIEP flaps over free TRAMs, it is difficult to interpret the significance of these findings as the amount of muscle used in the free TRAM groups varied. Futter's free TRAM group resembles that of Nahabedian's MS-2 free flap because the amount of muscle excised was 2.5 cm. In Blondeel et al's study, the amount of muscle excised resembles a Nahabedian MS-0 free TRAM flap as 6 to 8 cm of rectus muscle was excised. Therefore, the conclusions derived by Blondeel's study provide a better insight into what the functional differences may be between a pedicle TRAM and a DIEP flap since there is no continuity of the rectus muscle with an MS-0 flap. Similar to Blondeel's study, Schaverian et al 35 compared the functional of patients with MS-0 flaps and DIEP flaps. However, no differences were found in activities of daily living and SF-36 physical functioning scores. When Nahabedian's classification system was used and muscle sparing groups were compared with DIEP flaps, patient-reported outcomes evaluated by Nahabedian et al (MS-2 free TRAMs) 30 and Bajaj et al (MS-1 and MS-2 free TRAMs) 29 found no difference in patients' ability to perform everyday functions such as sports, favorite activities, getting out of bed, and sit-ups between muscle sparing free TRAMs and DIEP flaps.
DISCUSSION
Summary of Objective Outcomes
Objective measures of abdominal wall function using isometric dynamometry revealed that pedicle TRAM patients experienced up to a 23% deficit in trunk flexion and up to 14% deficit in trunk extension. Review of free TRAM procedures revealed that patients could experience up to an 18% deficit in trunk flexion and minimal to no deficits in trunk extension. Although both procedure types resulted in deficits from preoperative function, the comparison studies did not reveal significant differences in abdominal function between the 2 groups. Patients with bilateral pedicle TRAM reconstruction suffered up to a 40% deficit in trunk flexion and up to a 9% deficit in trunk extension. Patients with bilateral pedicle or free TRAM reconstruction also experienced a significant decrease in the ability to perform sit-ups. Using isometric dynamometry, all studies that compared free TRAM versus DIEP flaps found significantly higher flexion abilities in the DIEP groups, and one study reported an advantage of DIEP flaps in measures of extension. There are no studies in the literature comparing the isometric dynamometer results of pedicle TRAM versus DIEP flaps.
Functional deficits assessed by physiotherapy measures revealed that patients with pedicle TRAM reconstructions experienced the greatest deficit in rectus and oblique muscle function (up to 53%). Free TRAM groups experienced minimal deficit in rectus muscle function (up to 15%), whereas DIEP flaps returned to their preoperative baseline abilities for both rectus and oblique muscle functions. The greatest morbidity of abdominal wall function was experienced by patients who had bipedicle TRAM or bilateral free TRAM procedures. Although a myotomy is known to affect the integrity of the rectus abdominis muscle by causing muscle atrophy and partial denervation, 39, 40 there seems to be less of a detrimental effect on quantitative measures of abdominal strength in DIEP flaps.
Summary of Subjective Outcomes
Although a few authors found a clinical advantage of DIEP over free TRAM flap procedures in terms of the ability to perform activities of daily living (ADLs), 34, 35 procedure type did not appear to affect clinical outcomes in many of the other studies. Most patients regardless of procedure type (pedicle TRAM, free TRAM, or DIEP flap) reported that they returned to their preoperative function without limitations in their activities of daily living. Patients who had 2 pedicles used or bilateral free TRAM breast reconstruction suffered the greatest degree of impairment in performing ADLs. 18, 20, 21, 23 Practice Implications TRAM flaps are considered to be esthetically superior to implant procedures for breast reconstruction, 10, [12] [13] [14] [15] [16] with the advantage of maintaining their aesthetic appearance over the long-term. 41 However, these procedures come with the cost of abdominal wall morbidity, particularly in patients with bilateral reconstructions. More technically challenging alternatives, such as perforator flaps, are increasingly being used with the expectation of decreasing this morbidity. However, perforator flaps require extensive microvascular expertise, consume greater resources, and potentially suffer from an increased risk of fat necrosis and total flap loss. 17, 20, 24, 36, 42, 43 In addition, DIEP flaps appear to still cause damage to the muscles of the anterior abdominal wall. Current data suggest that the benefits of DIEP flaps are less pronounced with activities of daily living and perhaps more important in patients who need bilateral reconstruction as well as those who perform physically laborious activities, including recreational activities. Unfortunately, current data on DIEP flaps are limited to studies that are either single-center, retrospective in nature, or use nonvalidated measures.
Limitations
Functional outcomes of reconstruction may be affected by a variety of confounding variables, encompassing a wide range of patient, surgeon, and study site characteristics. The current literature on abdominal wall function in postmastectomy reconstruction is limited by a lack of randomized control trials or multicenter studies comparing DIEP flaps, pedicle TRAM or free TRAM reconstructions. Studies of this nature may limit the amount of selection bias that occurs in the reconstructive decision making process. Furthermore, many of the current studies have small sample sizes with limited power to detect differences between groups. In addition, a lack of consistency in the methods used to measure functional outcomes limits the ability to accurately compare findings in the literature. To appropriately evaluate clinical outcomes, well-developed, validated patient questionnaires are needed to assess abdominal function in patients with autogenous tissue reconstruction (ie, "condition-specific" measures). Finally, in the literature there exists extraordinary variability in the degree of muscle that is killed, denervated, or injured. Although not specified in the literature, there may also be some variability in the amount of fascia harvested. This makes the comparison of objective measures challenging. Despite this, this systemic review demonstrated that this issue has a limited impact on patient reported outcomes.
Future Directions
In this literature review, some studies report an objective advantage of the DIEP flap regarding abdominal wall function postmastectomy reconstruction. On the other hand, procedure type does not appear to affect activities of daily living in patients with unilateral or unipedicle breast reconstruction. However, surgeons and patients need data from a multicenter, longitudinal study that assess the objective and subjective outcomes of pedicle TRAM, free TRAM, and perforator flaps using standardized and validated measures. Availability of these types of data will facilitate the reconstructive decision-making process for both patients and surgeons as well as address the question; "which procedure is safest and most worthwhile for patients?" For now, surgeons should offer the procedure they feel is the safest and most predictable in their hands while taking into consideration the patient's preference and preoperative activity level.
